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Abstract As an incipient step to clarify gall-feeding habits in Lepidoptera of Japan, field 
sampling of three distinct types of galls in addition to field observation was conducted in the 
Kinki district, central Japan. The collected galls were reared in the laboratory to examine 
cecidophagous lepidopteran fauna. 1) In spinous twig-galls on Quercus acutissima (Fagaceae) 
trees by the gall wasp Trichagalma serratae (Ashmead) (Cynipidae, Hymenoptera), over half of 
the gall clumps (58.3- 100%) were attacked by lepidopteran larvae. Four lepidopteran species, 
Characoma ruficirra (Hampson) (Noctuidae), Andrioplecta pulverula (Meyrick) (Tortricidae), 
Anatrachyntis japonica Kuroko (Cosmopterygidae) and Hypatima sp. (Gelechiidae), eclosed 
from the galls. The latter two species are first records from plant galls. A. japonica larvae fed 
on the lignified gall tissues and attacked larval cells of the gall wasps. Whether the larva of 
Hypatima sp. fed on the gall tissues or not was unclear. 2) From oval stem-galls on the herb 
Achyranthes japonica (Amaranthaceae) by the gall midge Lasioptera achyranthii Shinji 
(Cecidomyiidae, Diptera), Amaya stellata Butler (Noctuidae) larvae were found. A. stellata 
larvae fed on the epidermis of the galls, with infestation rates being only 0-3.5%, and therefore 
little affected gall midge larvae. 3) From spherical fruit-galls on the liana Ampelopsis 
brevipedunculata (Vitaceae) by the gall midge Asphondylia baca Monzen (Cecidomyiidae, 
Diptera), Nippoptilia vitis (Sasaki) (Pterophoridae) adults eclosed. A WN. vitis larva could 
complete its growth in one gall. When larval attack was prior to eclosion of the gall midge, the 
midge larva died of the destruction of the gall by N. vitis. The infestation rate by N. vitis was 
52.9%. 


Key words Galls, cecidophages, Anatrachyntis japonica, Nippoptilia vitis, Amaya stellata, 
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Introduction 


Lepidopteran larvae feed on diverse organic materials other than normal leaf tissues; stems, 
flowers, fruits, alive and rotten wood, roots, fallen leaves, galls, fungi and animals (e g. 
Powell, 1980; Scoble, 1992; Powell et al., 1998). Among these food items, plant galls, 
induced by many insects, mites, nematodes, fungi, viruses and bacteria (Mani, 1964), generally 
contain richer nutrients than normal plant tissues (Mani, 1964; Shannon & Brewer, 1980; 
Abrahamson & Weis, 1987). Galls are therefore fed on by many lepidopteran larvae (Abe, 
1997 and references therein) and their damage may influence the life history of gallmakers and 
gall structures (Schultz, 1992). However, reports on gall-feeding (cecidophagous) habits in 
Lepidoptera are infrequent. 


In a series of articles, we report the associations between galler species and cecidophagous 
lepidopteran species, the tentative adaptive significance of cecidophagy for lepidopterans, and 
damage to gallers by cecidophages. Most cecidophagous lepidopteran species are Microle- 
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pidoptera. Consequently, they have rarely been found, identified and recorded, because the 
Microlepidoptera have tended to be ignored by most lepidopterists, and because making their 
specimens and their identification have been difficult. We hence sampled various galls in the 
field in as large samples as possible and reared then in the laboratory, in addition to field 
observations. The eclosed adult specimens were identified using the color catalog, Moths of 
Japan (Inoue et al., 1982) or by taxonomists. The infestation or occurrence rate of each 
cecidophagous Lepidoptera on each gall was recorded. 


Materials and methods 


We sampled the following three galls in the field: 1) spinous twig-galls on Quercus acutis- 
sima (Fagaceae) trees by the gall wasp Trichagalma serratae (Ashmead) (Cynipidae, 
Hymenoptera), 2) oval stem-galls on the herb Achyranthes japonica (Amaranthaceae) by the 
gall midge Lasioptera achyranthii Shinji (Cecidomyiidae, Diptera), and 3) spherical fruit- 
galls on the liana Ampelopsis brevipedunculata (Vitaceae) by the gall midge Asphondylia 
baca Monzen (Cecidomyiidae, Diptera). 


Galls examined and field samplings 


1) Spinous twig-galls by 7: serratae 


The gall wasp 7. serratae induces unisexual galls on the twigs of Q. acutissima between July 
and August in the Kinki district (Abe, 1995, 1996; Yamazaki & Sugiura, personal observa- 
tion). Each gall is covered with spines and has a larval chamber around which there is 
internal air space. The maximum diameter of the mature gall is 10-15 mm. Many (about 
5-30) galls often aggregate on the twigs of Q. acutissima. Young T. serratae galls are light 
green and change to pale brown as they mature. Unisexual adults of the gall wasp emerge 
from the galls between mid-December and January (Abe, 1995, 1996). The gall structure is 
modified by the attack of an inquiline gall wasp Diplolepis kunugi Shinji: the modified gall 
has no internal air space and there are many larval cells of inquilines coated with lignified 
gall tissues (Abe, 1995, 1996). 


We sampled T. serratae galls at the three sites: Oizumi-ryokuchi Park (3434'N, 135°32’E, 20 
m above sea level), Nagai Botanical Garden (34'36'N, 135°32’E, 9 m asl.) and Kawai-dera 
Temple (3426’'N, 135°35E, 120m asl). Oizumi-ryokuchi Park and Nagai Botanical 
Garden are located in urban areas, Sakai City, Osaka Prefecture and Osaka City, Osaka 
Prefecture, respectively. At these sites, many Q. acutissima trees are planted together with 
various native and exotic trees, shrubs and herbaceous ornamentals. At Oizumi-ryokuchi 
Park, we collected one T. serratae gall clump (young green galls) from one Q. acutissima tree 
on 14 July, 2001 and one gall clump (mature pale brown galls) from another tree on 8 
September, 2001, and one gall clump (young green galls) from the same tree that had been 
sampled on 8 September, on 23 September, 2001. Since the gall density of T. serratae at 
Oizumi was relatively low, we sampled only three clumps of the galls in total. At Nagai 
Botanical Garden, we sampled 17 clumps of galls (pale brown mature galls) from one Q. 
acutissima tree that were heavily infested by the gall wasp. Kawai-dera temple is located in 
a rural district, Kawachinagano City, Osaka Prefecture. At the Kawai-dera site on 8 
October, 2001, we sampled 23 clumps of galls from a Q. acutissima tree which grew near the 
roadside surrounded with secondary deciduous forests. The sampled tree harbored many 
galls of the gall wasp. The sampled galls were at various developmental stages from young 
green to old dark brown. Several gall clumps were mixtures of the galls with various 
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developmental stages. 


The infestation rate by lepidopteran larvae was estimated by damage, fecal pellets and silk 
attached to the galls, because it appeared that some lepidopterans had already eclosed from 
the galls at the sampling time. Since lepidopteran larvae wander through several aggregated 
galls within one clump of galls, the infestation rate was calculated at the clump level. 


2) Oval stem-galls by L. achyranthii 


The gall midge L. achyranthii forms oval or spherical galls in nodes of the herb A. japonica 
between May and October (Yukawa, 1996). The gall midge passes two or three generations 
per year. A gall is reddish when it matures and has several (up to over 30) larval chambers. 
The gall size is 4-20 mm in diameter and 6-34 mm in length (Yukawa, 1996). 


The midge galls were collected at four sites Mt Nijyozan, Kashiba City, Nara Prefecture 
(3432’N, 135°41’E, 180-250m asl) Amami, Kawachinagano City, Osaka Prefecture 
(34°23'N, 135°35’E, 250-310m as.l.), Kannabi (3426’N, 135°36’E, 140m a.s.l.) and Yo- 
koyama (3428'N, 135'36E, 105m asl), Tondabayashi City, Osaka Prefecture. At Mt 
Nijyozan and Amami, the herb A. japonica occurred alongside streams surrounded by 
plantations of the Japanese cedar, Cryptomeria japonica and the hinoki cypress, 
Chamaecyparis obtusa. At Mt Nijyozan, we cut off 57 galls of the midge from A. japonica 
stems on 27 August, 2001. At Amami, 6 galls on 13 August, 2001 and 79 galls on 30 August, 
2001 were sampled. At Kannabi and Yokoyama, A. japonica grew along the roadside and 
had many galls of L. achyranthii. We collected 44 and 11 galls at Kannabi and Yokoyama 
respectively on 8 October, 2001. All the sampled galls were fresh and mature. 


3) Spherical fruit-galls by A. baca 


The gall midge A. baca makes spherical galls in fruits of the liana A. brevipedunculata 
between September and November in the Kinki district (Yukawa, 1996; Yamazaki & 
Sugiura, personal observation). The midge is multivoltine, with two or three generations per 
year in central Japan. The gall is much larger than normal fruit (8.4-16.9 mm in diameter) 
and the color is yellowish white or red-purple (Yukawa, 1996). 


We collected 17 galls of A. baca from a ramet of A. brevipedunculata on 8 October, 2001 at 
Mt Kintaijiyama, Kawachinagano City, Osaka Prefecture (34'27N, 135°36’E, 150m a.s.l.). 
The sampled plant occurred between a plantaion of the hinoki cypress and a mandarin 
orange field. 


Rearings 


All the collected galls were placed in plastic bags, transferred to our laboratories, and reared 
in plastic cups under laboratory conditions. Then, other plant tissues than galls were 
minimized to avoid contamination. The emerged insects including gallers, parasitoids, 
inquilines, cecidophages were removed and we preserved them as specimens. In addition, 
the galls attacked by cecidohages were dissected with tweezers, and the inside of the galls were 
inspected under a stereomicroscope to infer damage by cecidophages to the gallers. 


Results and discussion 


1) Spinous twig-galls by T. serratae 


At the Oizumi site, all three clumps of galls collected were infested by lepidopteran larvae 
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Figs 1-3. Adults of some gall-feeding moths. 1. Anatrachyntis japonica, ご!。 emerged from 
spinous twig-galls on Quercus acutissima by the gall wasp Trichagalma serratae. Wing 
span: 9.82 mm. 2. Hypatima sp. eclosed from the galls by 7.serratae. Wing span: 
11.42 mm. 3. Nippoptilia vitis, の, emerged from spherical fruit-galls on Ampelopsis 
brevipendunculata by the gall midge Asphondylia baca. Wing span: 15.45 mm. 

Fig.4. A larva of N. vitis attacking the galls by 4. baca (cross section). Scale bar: 5 mm. 


judging from their feeding damage, attached fecal pellets and silk. Characoma ruficirra 
(Hampson) (Noctuidae) and Andrioplecta pulverula (Meyrick) (Tortricidae) eclosed from the 
gall clumps (Table 1). At Nagai Botanical Garden, Anatrachyntis japonica Kuroko (Cos- 
mopterygidae) (Fig. 1) and A. pulverula eclosed, and an unknown noctuid larva emerged 
from a gall clump but unfortunately died before pupation (Table 1). At Nagai, most gall 
clumps were attacked by lepidopteran larvae. At Kawai-dera, C. ruficirra, A. pulverula, and 
Hypatima sp. (Fig. 2, same species as Hypatima sp. 3 in Teramoto, 1990) (Gelechiidae) 
eclosed from the gall clumps (Table 1) The infestation rate by lepidopteran larvae at 
Kawai-dera was 58.3% but the clumps of old dark brown galls (パニ 7) were not attacked at 
all. Therefore, excluding the old clumps, the infestation rate rose to 82.496. 


Characoma ruficirra and A. pulverula were reported to attack T. serratae galls (Abe, 1995). 
In addition, C. ruficirra also attacks the acorns and leaves of Quercus, Lithocarpus and 
chestnuts of Castanea spp. (Sekiguchi, 1978; Sugi, 1987; Teramoto, 1993, 1996; Fukumoto 
& Kajimura, 1999). 4. pulverula was reported to attack unisexual galls of the gall wasp 
Andricus mukaigawae (Mukaigawa) (Abe, 1990). Abe (1995) clarified the feeding habits of 
C. ruficirra and A. pulverula based on dissection of galls and laboratory experiments: C. 
ruficirra feeds on gall tissues but does not attack larval cells of gallers, while 4. pulverula feeds 
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Table 1. Infestation by lepidopteran larvae on Trichagalma serratae galls on Quercus acutis- 
sima trees in the three sites of the Kinki district. Lepidopteran damage (%) was estimated 
by feeding damage, pecal pellets and silk attached to the galls at gall clump level. 
- denotes none emerged. 














Site Sampling date Lepidoptera emerged (No.) Lepidopteran damage (%) xn ee 
Oizumi 14 July 2001 Characoma ruficirra (3) 10096 1 
8 Sept. 2001 一 100% 1 
23 Sept. 2001 Andrioplecta pulverula (3) 10096 1 
Nagai 23 Aug. 2001  Anatrachyntis japonica (11) 
Andrioplecta pulverula (1) 88.296 17 


Noctuidae Gen. sp. (1) 

Kawai-dera 8 Oct. 2001 Characoma ruficirra (2) 
Andrioplecta pulverula (2) 58.396 24 
Hypatima sp. (1) 








on both larval cells and their inhabitants. Hence, C. ruficirra is a facultative cecidophage, 
which relies on both gall and normal plant tissue and A. pulverula may be a obligate 
cecidophage, which obligatorily utilizes galls during its larval stage (sensu Mani, 1964). 


In this study, A. japonica eclosed from gall wasp galls. This is a new host record of A. 
japonica. The feeding guild of A. japonica is a scavenger that feeds on persimmon fruits 
infested by Stathmopoda masinissa Meyrick (Stathmopodidae), cotton fruits damaged by 
Pectinophora gossypiella (Saunders) (Gelechiidae), larval cases and inner feces of bagworms 
(Kuroko, 1982). A. japonica is thus a facultative cecidophage. According to the dissection 
of the infested galls, 4. japonica larvae fed on lignified gall tissues in the internal air space 
and in some cases appeared to attack larval cells of 7: serratae, resulting in the death of the 
larvae of the gall wasp. A. japonica also attacked inquiline-modified galls. 


Hypatima sp. 3, an undescribed species, has been reported to feed on the leaves of Q. 
acutissima and Q. variabilis within the leaf ties (Teramoto, 1990; Ueda, personal communica- 
tion). In the present survey, this species eclosed from a clump of T. serratae galls and the 
inside of the galls were fed by lepidopteran larvae. However, the galls collected at Kawai- 
dera were also infested by C. ruficirra and A. pulverula. There was a possibility that the gall 
clumps were utilized as a pupation site. "Therefore, whether this species fed on galls was 
unclear. 


2) Oval stem-galls by L. achyranthi 


At Nijyozan two lepidopteran larvae fed on the galls in plastic cups, although at Amami, 
Kannabi and Yokoyama sites no cecidophagous Lepidoptera emerged from 140 galls of L. 
achyranthii. These larvae externally grazed the epidermis of the galls and we reared them 
with fresh leaves of 4. japonica. Then, adults of Amaya stellata Butler (Noctuidae) eclosed 
in early September. Since A. stellata is known to feed on leaves of A. japonica (Sugi, 1982), 
it is a facultative cecidophage. Although the ovipositional habit in A. stellata has not well 
been studied, the eggs may be laid on or near axillary buds. Consequently, when a gall was 
formed in the stem node in the vicinity of the axillary bud, the hatched larva of A. stellata 
fed on gall epidermis. 


The infestation rate was 096 at Amami, Kannabi and Yokoyama, and 3.596 at Nijyozan. 
Furthermore, damage by A. stellata was restricted to the gall surface and adult midges and 
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parasitoids (Torymus sp. and platygastrids) successfully emerged from the galls. Thus, A. 
stellata appeared to minimally affect the population of the gall midge. 


To date, various types of gall-feeding Lepidoptera have been reported. However, most 
records were from the galls on trees and shrubs, such as Quercus (Abe, 1995, 1997, Sugiura 
et al., 2002), Salix (Caltagirone, 1964; Clancy et al., 1986; Sugiura & Yamazaki, 2002), 
Carpinus (Yamazaki & Sugiura, 2002), Rhus (Y oshiyasu, 1986) and Distylium (It6 & Hattori, 
1982). Therefore, the present record from the herbaceous plant may be a rare case. 


3) Spherical fruit-galls by 4. baca 


From 17 galls sampled, 10 lepidopteran larvae emerged in mid October, pupated and eclosed 
as adults between 18 October and 1 November. They were identified as Nippoptilia vitis 
(Sasaki) (Pterophoridae) (Fig. 3). Nippoptilia vitis is known to feed on leaves and flowers of 
A. brevipedunculata, Vitis ficifolia, V. vinifera and Cayratia japonica (Inoue, 1982). 
Nippoptilia vitis is therefore a facultative cecidophage. We could find no holes from which 
larvae entered on the galls with naked eyes when sampled, suggesting direct oviposition on 
the gall surface. Each N. vitis larva completed their growth in one gall, exited from the gall, 
and pupated on the cup wall. The gall-feeding habit may be advantageous for N. vitis 
larvae, firstly because plant galls in general contain superior nutrients to normal plant tissues 
(Mani, 1964; Shannon & Brewer, 1980; Abrahamson & Weis, 1987), and secondly because 
food intake 1s efficient due to large gall size (cf. Yamazaki & Sugiura, 2002). 


Results of laboratory rearing and dissection of the galls are summarized in Table 2. Nine of 
17 galls were infested by N. vitis larvae (infestation rate— 52.9%). One gall was fed on by two 
N. vitis larvae. Gall tissues were indiscriminately fed on by the boring larvae (Fig. 4). 
Fecal pellets of N. vitis were inspected under a stereomicroscope, but they did not contain 
sternal spatula (sclerotized organ) of the cecidomyiid larvae, indicating that N. vitis did not 
prey on the cecidomyiid larvae. In 5 of 17 galls, the adults of the gall midge had already 
eclosed when we sampled, judging from the pupal exuviae of the midge protracted from the 
galls. In one of the 5 galls, the inside of the gall was fed on by a N. vitis larva. In 8 other 
galls, however, the midge larvae appeared to have died indirectly from the damage by N. vitis 
larvae. These findings suggest that when attacked by N. vitis after midge eclosion, both can 
complete their development. In this case, N. vitis is suggested to be a successori, that inhabits 
the empty gall after the emergence of the gallmakers and inquilines (sensu Mani, 1964). 


This study revealed that T. serratae galls on Q. acutissima trees were heavily infested by 
diverse lepidopteran species, while gall-midge galls on the herb A. japonica were seldom 
attacked. The underlying mechanisms to enhance the diversity of cecidophagous Le- 
pidoptera remain little understood, but we propose three potential factors enhancing the 


Table 2. Infestation by Nippoptilia vitis larvae on the 
cecidomyiid galls of Asphondylia baca at Mt 
Kintaijiyama, Kawachinagano City, Osaka Prefec- 




















ture. 
No. of galls 
Infested, cecidomyiid died 8 
Infested, cecidomyiid eclosed 1 
No infestation, cecidomyiid eclosed 5 
Both died or unknown 3 
Total 17 
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diversity of cecidophagous Lepidoptera on T. serratae galls. Firstly, some Q. acutissima 
trees harbor large amounts of T. serratae galls every year (Yamazaki & Sugiura, personal 
observation). The galls of T serratae therefore may be stable and predictable spatio- 
temporal food sources for lepidopterans (sensu Feeny, 1976). Secondly, a large apparent 
feature of the gall clumps and internal air space may favour utilization of the galls by diverse 
lepidopteran species. Thirdly, trees with complex architecture and ubiquitousness such as 
Quercus foster rich lepidopteran faunae (e. g Lawton, 1983; Kennedy & Southwood, 1984), 
which may facilitate diverse cecidophagous faunae on them. In future studies, various galls 
with different gall structures, the host plant tissues on which galls are formed, the host plant 
architecture, and the seasons and districts should be examined to clarify the associations 
between gallmakers and cecidophagous lepidopterans. 
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摘 要 
日 本 の 鱗 閉 目 に お ける ゴー ル 食 の 習性 1. 一 タイ プ の 異な る 3 種 の ゴー ルー (山崎 一 夫 ・ 杉 浦 
真治 ) 


日 本 の 鱗 交 目 に お ける ゴー ル 食 の 習性 を 解明 する 足掛かり と し て , 近畿 地方 に お いて 3 種 の タイ プ の 
異な る ゴー ル を 野外 で 観察 .、 サン プリ ング し , 室内 で 飼育 し た . 


D クヌギ エダ イガ フシ (クヌギ 枝 の クヌギ エダ イガ タマ バチ Trichagalma serratae (Ashmead) ( ハ 
チ 目 タマ バチ 科 ) に よる ゴー ル ) か ら は , 4 種 の 鱗 閉 目 ., すなわち ネス ジ キ ノ カワ ガ Characoma 
ruficirra (Hampson) ( ヤ ガ 科 ), ハマ キ ガ 科 の 一 種 Andrioplecta pulverula (Meyrick), マダ ラ ト ガ リ ホ ソ 
ガ Anatrachyntis japonica Kuroko ( カ ザ リ バ ガ 科 ), キバ ガ 科 の 一 種 Hypatima sp. が 羽化 し た . ゴー 
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ル の 固まり の 半分 以上 (683-1009) JAHRES NTR. 最後 の 2 種 が ゴー ル か ら 羽 化し 
た の は 初め て の 記録 で や る . マダ ラ ト ガ リ ホ ソ ガ 幼虫 は , 木質 化し た ブー ル 組 織 を 食べ 。 タマ バチ の 
幼虫 室 を 攻撃 し て いた . キバ ガ 科 の 1 種 は ゴー ル か ら 羽 化し た も の の , 幼 昌 が ゴー ル を 食べ て いた か 
どう か は 不明 で ある . 


2) イノ コ ヅ チク キマ ルズ イフ シ (イノ コ ヅ チ 茎 の イノ コ ヅ チ ウ ロコ タマ バエ Lasioptera achyranthii 
Shinji (ハエ 目 タ マ バ エ 科 ) に よる ゴー ル ) か ら は , ご く 低い 率 で (0-3.5%), サビ イロ コ ヤ ガ Amaya 
stellata Butler ( ヤ ガ 科 ) 幼虫 が 発見 され た . 本 種 は ゴー ル の 表皮 を 食害 し た が , タマ バエ 幼虫 へ の 影 
Ru EASGEIA9. 

3 ノブ ドウ ミ フ クレ フシ (ノブ ドウ 果実 の ノブ ドウ ミタ マ バ エ Asphondylia baca Monzen に よる 
ゴー ル ) か ら は , ブドウ トリ バ Nippoptilia vitis (Sasaki) が 羽化 し た . 本 種 の 幼虫 1 個体 は 1 個 の ゴー 
ル で 発育 を 完了 し た . 本 種 の 攻撃 が タマ バエ の 羽化 より 前 の 場合 , タマ バエ 幼虫 は 本 種 の ゴー ル へ の 
加害 に より 死亡 し て いた . 攻撃 率 は 52.9% で あっ た 
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